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TURBULENCE AND THE BOUND- 
ARY LAYER 


Thirty-five years ago (on December 
17, 1903) the first successful flights in 
a power-driven man-carrying airplane 
were made by Wilbur and Orville 
Wright. It has long been the custom 
of the Royal Aeronautical Society of 
Great Britain to commemorate this 
event by an annual Wilbur Wright Me- 
morial Lecture, and to date 26 such 
lectures have been delivered. In 1937 
the much younger Institute of the Aero- 
nautical Seiences in this country in- 
augurated a similar series of annual 
lectures called the Wright Brothers 
Lectures, the first of which was given 
by B. Melvill Jones of Cambridge Uni- 
versity, England. The second lecture 
in this series, at Columbia University, 
New York, on December 17, 1938, was 
delivered by Hugh L. Dryden, Chief of 
the Bureau’s Mechanics and Sound Di- 
vision, on the subject “Turbulence and 
the Boundary Layer.” 

The successful flights of the Wright 
Brothers followed a_ series of well- 
planned scientific investigations, first on 
kites and gliders in free flight (which 
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showed the incorrectness of existing 
scientific data), and second on small 
models in the controlled air stream of 
a wind tunnel. Tests were made on 
about 200 models. 

The wind tunnel has continued to be 
an indispensable tool of the aeronauti- 
cal engineer. It has developed and 
improved along with the airplane. 
The ideal wind tunnel would repro- 
duce exactly the relative motion be- 
tween the air and the airplane, and 
hence the speed of its air stream should 
be uniform and constant. The air flow 
in early wind tunnels was very un- 
steady, but the design was improved 
until by about 1910 the flow was steady 
as determined by ordinary instruments. 
However, discrepancies were soon 
found between measurements in differ- 
ent wind tunnels, and these were traced 
to small irregularities in the motion of 
the air of a frequency too high to affect 
the instruments generally used. This 
irregular motion was called turbulence. 

Systematic studies of the methods of 
measuring turbulence and its effect in 
wind-tunnel measurements were begun 
about 10 years ago at the Bureau with 
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the cooperation and financial assistance 
of the National Advisory Committee 
for Aeronautics. Apparatus was devel- 
oped, based on the hot-wire anemom- 
eter, for direct measurement of the 
intensity of the turbulence and more 
recently for measuring its scale, i. e., 
the average size of the irregularly mov- 
ing air masses. Some studies have 
been made and others are in progress 
on the effect of the intensity and scale 
of turbulence in wind-tunnel measure- 
ments. 

The fundamental effect of turbulence 
is to modify the flow of air very close 
to the surface of the body under study. 
Near the surface in the so-called bound- 
ary layer the speed of the air relative 
to the surface drops rapidly to zero. 
This boundary layer is very thin—a 
few hundredths of an inch in an ordi- 
nary model test in a wind tunnel. The 
flow within it may be of a smooth 
laminar type or of an eddying type. 
The location of the point of transition 
between the two types is dependent on 
the turbulence. 

In his lecture, Doctor Dryden gave a 
general account of the work at the 
National Bureau of Standards on tur- 
bulence and the boundary layer, with 
particular attention to the most recent 
work. He pointed out that while the 
elements of the subject are now fairly 
well understood, much additional ex- 
perimental work will be required to 
complete the picture. 


TURBULENCE AND DIFFUSION 


Chemical engineers are interested in 
the motion of fluids not only as a 
means of transporting materials in 
gaseous or liquid form or in suspension 
or solution, but also as a factor in 
many other physical processes used in 
the chemical industry, such as _ heat 
transfer and diffusion. In recognition 
of this interest, the Industrial and En- 
gineering Division of the American 
Chemical Society organized a sympo- 
sium on fluid dynamics which was held 
at the annual meeting of the division 
in Pittsburgh, Pa., December 27-28, 
1938. 

As a part of this symposium, a re- 
view of the experimental and theo- 
retical aspects of turbulence in rela- 
tion to the process of diffusion was 
presented by Hugh L. Dryden, Chief of 
the Mechanics and Sound Division of 
the Bureau. Turbulence, as explained 
in the preceding item, is an irregular 
random motion of fluids, changing rap- 
idly with time at rates not detected by 
ordinary measuring instruments, which 


is superposed on the apparently steady 
motion in most cases of fluid flow of 
technical interest. The presence of 
turbulence profoundly affects the mag- 
nitude of the friction between the fluid 
and objects immersed in it, heat trans- 
fer, diffusion, mixing, dissolving, evap- 
oration, ete. 

The process of diffusion has been 
found very useful in the study of 
turbulence, and diffusion forms a suit- 
able framework for setting forth the 
present state of knowledge of turbu- 
lence. Turbulence is now generally de- 
scribed in ways analogous to the con- 
cepts of the kinetic theory of gases, 
namely, in terms of the root-mean- 
square velocity fluctuation and a linear 
dimension fixing the scale. Methods of 
measuring these statistical properties 
of turbulence in air streams are now 
available, and considerable progress has 
been made in the theory of turbulence 
by G. I. Taylor, of Cambridge, England, 
and Th. von Karman, of Pasadena, 
Calif, 


NEW METHOD OF TESTING 
ACCELEROMETERS 


Accelerometers are ordinarily cali- 
brated by subjecting them to centri- 
petal accelerations on a rotating turn- 
table. The acceleration is determined 
from a knowledge of the angular ve- 
locity of the turntable and the distance 
of the sensitive element of the accel- 
erometer from the axis of rotation. 
This calibration gives no information 
on the performance of the accelerome- 
ter when subjected to accelerations 
fluctuating from a minimum to a maxi- 
mum in a period of time less than 
about 20 times the natural period of 
vibration of the sensitive element of the 
accelerometer. One way of obtaining 
some information on the response of 
the accelerometer under these condi- 
tions has been to subject it to an ap- 
proximately simple harmonic accelera- 
tion obtained by a reciprocating mo- 
tion. When the natural period of the 
accelerometer and of the imposed ac- 
celeration are both relatively high such 
apparatus is inherently large and cum- 
bersome. This method has the further 
defect that test values are not obtained 
for conditions equivalent to those met 
in practice, in that the reciprocating 
apparatus must be brought up to speed 
so that the response of the aecelerome- 
ter can be obtained only for a steady 
condition of oscillating accelerations. 

An apparatus has been designed by 
B. W. Woolard of the Bureau’s aero- 
nautie instruments section by means of 
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which single-component accelerometers 
ean be subjected to a continuous, and 
also to a selected part of a cycle of, 
simple harmonic acceleration with the 
frequency and amplitude of accelera- 
tion controllable within reasonably 
wide limits. 

This apparatus which was con- 
structed at the request and with the 
cooperation of the Bureau of Aero- 
nautics, Navy Department, is a modifi- 
cation of the rotating turntable usually 
used. A pulley, not free to rotate, is 
mounted concentric with the turntable, 
and another pulley, free to rotate, is 
mounted at the rim of the turntable. 
The accelerometer is installed above 
the rim pulley. Continuous simple 
harmonic acceleration is obtained when 
the pulleys are connected by a belt. 
To obtain a half cycle of simple har- 
monic acceleration a clutch is inter- 
posed between the accelerometer mount 
and the rim pulley with means for con- 
trol of its engagement for a half cycle 
at any desired acceleration. 

Amplitude control with consequent 
change in frequency, is obtained by 
speed control of the turntable. Fre- 
quency control independent of ampli- 
tude is secured by variations in the 
diameter of the rotating pulley. 


IMPROVED RADIO METEORO- 
GRAPH ON THE OLLAND PRIN- 
CIPLE 


In the January number of the Jour- 
nal of Research (RP1169), L. F. Cur- 
tiss, A. V. Astin, L. L. Stockman, and 
B. W. Brown set forth the latest re- 
sults which have been obtained at the 
Bureau with a radio meteorograph de- 
veloped according to the Olland prin- 
ciple, with the cooperation of the U. S. 
Weather Bureau. 

It is now recognized that the radio 
meteorograph (a small automatic radio 
device attached to a free rubber bal- 
loon, which, as it rises, sends back to 
earth a more or less continuous record 
of pressure, temperature, and humid- 
ity) is the only satisfactory way to 
secure this information. Plans are 
therefore being made by the U. S. 
Weather Bureau and other meteoro- 
logical services to install radio mete- 
orographs as rapidly as funds will 
permit. 

The present paper deals with an Ol- 
land-type instrument in which a rotary 
electric contactor is driven by a tiny 
electric motor weighing only 2 ounces 
and capable of running for several 
days from a single flashlight cell of the 
size used in “fountain-pen” flashlights. 





As this rotary contact touches arms at- 
tached to pressure, temperature, and 


humidity elements, it keys a small ra- 


dio transmitter which sends a signal 
back to earth. From the times be- 


tween signals it is possible to know the 
pressure, temperature, and humidity at 
the height the balloon has attained at 
that instant. An automatic recording 
receiver is used at a ground station to 
make these determinations convenient 


and accurate. 


In developing the instrument, spe- 


cial attention has been given to ac- 
curacy, so that the pressure measure- 


ments are reliable to about 0.2 percent, 


and the temperature measurements to 


1 percent. A hunidity element, using 
goldbeaters skin, gives humidity indi- 


cations accurate to about 5 percent. 


A special advantage of the Olland 
system for radio meteorographs is that 
the radio transmitter is on only during 
the brief times when the rotating ele- 
ment and the indicating arms are in 
electrical contact. Thus, the drain on 
the B batteries of the radio transmit- 
ter is very slight, and lighter batteries 
can be used than otherwise would be 
necessary. At the same time, this ar- 
rangement permits the use of a high 
signal current, so that strong signals 
are omitted which are very easy to re- 
ceive. 

Tests of the equipment have been 
made by sending up instruments at- 
tached to balloons to altitudes of ap- 
proximately 12 miles with thoroughly 
satisfactory results. 


GRAPHS OF MAXIMUM USABLE 
RADIO FREQUENCIES 


The extension of vertical-incidence 
ionosphere measurements to calcula- 
tion of radio transmission over a dis- 
tance has been covered in several 
papers by Newbern Smith, S. S. Kirby, 
and T. R. Gilliland, of the Bureau. 
One of the results of this extension 
has been the obtaining of “maximum- 
usable-frequency curves,” described in 
the Journal of Research for January 
(RP1167). These graphs show the 
variation of the Maximum frequencies 
that can be used for radio sky-wave 
communication over given distances 
with the time of day or year, as well 
as the skip distances for all frequen- 
cies. A general rule for selecting a fre- 
quency for practical radio communica- 
tion over a given distance at a par- 
ticular time is: Use the highest avail- 
able frequency that will not skip. This 
is most important during the daylight 
hours because of the greater absorp- 
tion at the lower frequencies. 
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Examples are given of actual cases 
that might be encountered in communi- 
ation within the continental United 
States, and some remarks about radio 
transmission in general are added, such 
as the conditions which determine the 
maximum distance that may be cov- 
ered with one ionosphere reflection. 
The diurnal and seasonal variations of 
the ionosphere recur regularly and the 
variations with the sunspot cycle may 
be estimated a reasonable length of 
time in advance. Therefore, it appears 
possible to predict maximum usable 
and optimum frequencies for some 
future time, to the extent that these 
variations are known. 


STUDY OF LIGHTWEIGHT 
STRUCTURES 


Airplanes and airships must not only 
be strong but light, and their improve- 
ment has demanded that men learn how 
to make structures which fulfill these 
requirements. This can only be done 
by spreading the structural material as 
far out from the axis of the structure 
as possible and at the same time hold- 
ing it firmly together. The result is 
thin-walled construction. Illustrations 
are fuselages or wings made of thin- 
walled tubes or built of a _ heavily 
stressed skin of metal held in shape by 
light stiffeners. 

The limit to this spreading out of the 
material is set by the phenomena of 
elastic instability. These are of bewil- 
dering diversity. Under high enough 
loads slender columns buckle sidewise, 
or twist out of line, the walls of thin 
tubes crumple, and thin webs wrinkle 
in shear. Many more examples could 
be cited. 

The designer’s problem is to secure 
the best compromise, to carry the 
spreading and the thinning of the ma- 
terial just far enough to ensure, if pos- 
sible, that plastic yielding of the ma- 
terial and critical instability will set in 
at about the same load. 

Although Westergaard in 1922 gave a 
very complete general theory of elastic 
instability, it has been possible only in 
a few very simple cases to determine 
mathematically the value of the con- 
stants occurring in his equations. 

Designers have therefore been forced 
to rely very much upon tests of the ac- 
tual structures. Structural parts by the 
thousands have been tested to destruc- 
tion in all sorts of loading devices, and 
whole airplanes have been loaded with 
bags of lead shot until they collapsed 
to find out whether airplanes of that 
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construction were strong enough for the 
loads they would have to carry in flight. 

There is obviously a limit to the size 
of structures which can be so tested, 
and engineers are eager for any method 
which will help them to tell how strong 
a structure is without the necessity of 
destroying it. 

In 19382 Southwell showed how, in 
some cases, this could be done. He 
showed how it was possible sometimes 
by analysis of measurements of the de- 
formation of a structure under lower 
loads to compute the higher critical load 
at which elastic instability and failure 
would occur. 

Following Southwell’s idea, L. B. 
Tuckerman, in the Journal of Research 
for January (RP1163), applies Wester- 
gnard’s theory to the general problem of 
predicting the critical load for any kind 
of elastic instability from deformation 
and/or strain-gage measurements at 
low loads. Dr. Tuckerman points out 
the conditions under which the analysis 
may be expected to be useful and pre- 
sents a method of computing by succes- 
sive approximation which can be ap- 
plied where Southwell’s original analy- 
sis or Lundquist’s modification gives 
results considerably in error. 

Finally, two experimental verifica- 
tions of the theory are reported in 
which the second end third critical loads 
of a round-end Euler column are com- 
puted from strain-gage readings under 
loads below the first critical load. 

This extension of Southwell’s method 
of analysis should be of considerable 
value in the experimental study of light- 
weight structures. 


STRUCTURAL PROPERTIES OF 


“FRAMELESS-STEEL” WALLS, 
PARTITIONS, FLOORS, AND 
ROOFS 


As part of the program on materials 
for low-cost house construction, 30 
specimens of cellular sheet-steel walls, 
partitions, floors, and roofs sold by the 
Insulated Steel Construction Co. under 
the trade name “Frameless-Steel” have 
been tested at the Bureau. 

The wall specimens were subjected 
to compressive, transverse, concen- 
trated, impact, and racking loads; the 
partition specimens to impact and con- 
centrated loads; the floor specimens to 
transverse, concentrated, and impact 
loads; and the roof specimens to trans- 
verse and concentrated loads. The 
transverse, concentrated, and impact 
loads were applied to both faces of wall 
specimens. These loads simulate those 
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actually applied to the elements of a 
house. 

For each of the loads, three similar 
specimens were tested. The deforma- 
tion and set were measured for uni- 
form increments of load up to the max- 
imum, except for concentrated loads, 
for which the set only was determined. 
The results are presented graphically 
and in tables in Building Materials ard 
Structures Report BMS9, which has 
just been released. Copies are obtain- 
able from the Superintendent of Docu- 
ments, Government Printing Office, 
Washington, D. C., at 10 cents each. 


WATER PERMEABILITY OF 
MASONRY WALLS 


When exterior masonry walls of 
buildings allow dampness to penetrate 
to the interior, as occasionally happens 
when exposed to wind-driven rains, 
damage to the interior decorations may 
be sufficient to require their replace- 
ment. These repairs are costly and 
often additional expense is necessary 
in order to prevent recurrence of the 
damage. With the hope of securing 
useful information on the best methods 
of constructing walls resistant to rain 
penetration, the Bureau, in cooperation 
with other governmental agencies, has 
investigated the water permeability of 
masonry walls. A full discussion of 
this work is now available as Building 
Materials and Structures Report BMS7, 
copies of which are obtainable from 
the Superintendent of Documents, Gov- 
ernment Printing Office, Washington, 
D. C., at 10 cents each. 

Walls of brick, structural clay tile, 
and hollow concrete unit masonry were 
tested under conditions resembling ex- 
posures to wind and rain. Five kinds 
of workmanship (method of filling 
joints), three kinds of brick, six kinds 
of structural clay tile, two kinds of 
hollow concrete units, and six different 
mortars were used in the construction 
of the walls. One group consisting of 
48 brick walls included specimens of 
8 kinds of brick, 4 cement-lime mortars, 
and 2 classes of workmanship, con- 
structed in all possible combinations. 
The walls of structural clay tile were 
faced either with stucco or with brick 
of a single variety. Those of concrete 
units were faced either with the same 
brick or with cement paint. 

The effectiveness of several methods 
of “waterproofing” were compared by 
retesting some of the walls after they 


had been given waterproofing treat- 
ments. These included the filling of 
openings in the face joints with mortar, 
grout, or wax, aud the application to 
the exposed surfaces of colorless solu- 
tions or paints. Most of the walls were 
subjected to water-penetration tests 
under two different conditions. Water 
was applied near the tops of the walls 
in a manner to produce a thin film of 
water over their outside faces. In the 
“eapillarity” test no pressure was ap- 
plied to the exposed face, the water 
penetrating under the forces of capil- 
iarity and gravity only. In the “heavy- 
rain” test a static air pressure of 10 
ib/ft® was maintained against the ex- 
posed face. 

In the water penetration tests the 
performance of each wall depended 
more upon the quality of the workman- 
ship than upon any other factor. Brick 
walls having the interior joints well 
filled with mortar usually were tight, 
whereas those with poorly filled joints 
leaked. The use of mortars of medium 
or high water retentivity, the wetting 
of absorptive brick before use, and the 
application of a pargeting of mortar 
on the back of the facing wythe all 
helped to make walls more resistant 
to moisture penetration. Changes in 
the relative proportions of lime and 
cement in the mortars, the omission of 
two-thirds of the normal number of 
header brick, or the insertion of a lime- 
stone sill or belt course had no im- 
portant effect on the permeability of 
the walls. On the average, when the 
joints were not well filled, walls with a 
brick facing and a backing of hollow 
masonry units were slightly less per- 
meable than brick walls of equal thick- 
With well-filled joints the per- 
formance of walls with hollow units 
was somewhat superior to otherwise 
similar all-brick walls in the capillarity 
test but inferior in the heavy-rain test. 
The performance of walls of structural 
clay tile faced with portland cement 
stueco was somewhat better than the 
average for the brick walls. The filling 
of openings in the joints with mortar, 
grout. or wax was effective in stopping 
lenkage. Colorless waterproofing solu- 
tions did not stop leakage through 
openings in the joints, but they were 
effective in improving the performance 
of walls of absorptive brick when the 
openings in the joints had been sealed. 
Coatings of molten paraffin, oil paint, 
and cement paint were effective in re- 
ducing moisture penetration. 


ness. 
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ENGINEERING SIGNIFICANCE OF 
SOIL-CORROSION DATA 


Under the supervision of Kirk H. 
Logan, chief of the Bureau’s under- 
ground corrosion section, approximately 
33,000 specimens of pipe materials have 
been buried in a large variety of soils 
scattered throughout the United States, 
in order to determine the action of soils 
on pipe lines and distribution systems. 
Mr. Logan has found that the results of 
tests of small specimens for a limited 
time do not show directly how long a 
pipe will last. The rate of corrosion 
changes with the time of exposure of 
the specimen and, on the average, the 
deepest pit on a long pipe will be deeper 
than the deepest pit on a short length 
of the same pipe exposed to the same 
nominal soil conditions. Likewise, the 
corrosion of individual sections of the 
same kind of pipe exposed to approxi- 
mately the same soil conditions may 
differ widely. From this it must be 
concluded that although it may be pos- 
sible to predict the average performance 
of a material under specified soil con- 
ditions, it is not possible to predeter- 
mine the performance of individual 
pipes. 

in RP1171 in the Journal of Research 
for January, Mr. Logan gives two 
equations for computing the maximum 
pit depths on a pipe of any age and 
area from data obtained from the Bu- 
reau’s specimens. The results are ap- 
plicable to averages of a large number 
of pipes. When the results of such eal- 
culations are compared with the per- 
formance of individual pipe lines in the 
vicinity of the test sites, the correlation, 
as might be expected, is not close, but. 
in general, experience and the tests 
agree as to which soils are corrosive. 


SOLUBILITY OF LEAD SULFATE 
IN SOLUTIONS OF SULFURIC 
ACID 


Lead sulfate, which plays an im- 
portant part in chemical reactions in 
the lead storage battery, is relatively 
insoluble. Considerable amounts of 
lead sulfate are formed, however, in 
the course of a normal discharge in 
accordance with Faraday’s law. Most 
of this lead sulfate is found in the ac- 
tive material of the plates, but a small 
amount is dissolved in the solution 
under equilibrium conditions. Exist- 
ing information on how much lead sul- 
fate may actually dissolve in the acid 
electrolyte was found to be somewhat 
contradictory. It seemed desirable, 
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therefore, to make determinations with 
a comparatively new reagent, dithi- 
zone, Which is highly sensitive to small 
quantities of lead. D. N. Craig and G. 
W. Vinal have recently completed a 
series of measurements at the Bureau 
which reveal important maxima and 
minima in the solubility curve not re- 
ported previously in the technical lit- 
erature. 

As described in RP1165 in the Jour- 
nal of Research for January, deter- 
minations were made at 25° and at 0° 
C, employing solutions which were 
brought to saturation equilibrium from 
undersaturation and others from super- 
saturation. 

Dithizone, dissolved in chloroform, 
imports a noticeable green tint to the 
solution, but the lead-dithizone complex 
has a bright cherry-red color. The 
reaction was carried out in a two-phase 
system, one phase being an aqueous 
solution of fixed pH greater than 7, 
and the other an organic liquid which 
dissolved the lead-dithizone complex. 
The equivalence point was determined 
by the transmission of light through 
a color filter and the organic solutions. 
Since this cannot be accurately meas- 
ured by the eye, a photronic cell was 
employed and its indications read on 
a microammeter. In this way deter- 
minations of lead could be made to 0.7 
microgram on the average. 

Comparisons were made of the solu- 
bilities of lead and mercurous sulfates. 
The trend of the curves is strikingly 
similar, although the latter is consid- 
erably more soluble. 


RELATIVE SOLUBILITY OF GLASS 
AS INDICATED BY DYE AB. 
SORPTION 


A knowledge of the amount of mate- 
rial that may dissolve from the inner 
surfaces of glass bottles and contami- 
nate the contents is important in the 
“packing” of solutions, the composi- 
tions of which should remain un- 
changed for considerable periods of 
time. One important group of such 
solutions includes medicinals, serums, 
antitoxins, and solutions prepared for 
intravenous injection. Numerous tests 
to determine solubility have been speci- 
fied, but so far there is not much agree- 
ment between them. 

Since the problem is of importance 
to the several medical agencies of the 
Government, E H. Hamilton and A. N. 
Finn of the Bureau have been conduct- 
ing tests along lines somewhat differ- 
ent from those ordinarily followed, and 






the 
con 
can 
dye 
gre 
me! 
Am 
T 
Wa 
soa 
ace 
wit 
wit 
ate 
dre 
rel 
tle 
tle 
of 
for 
tio 
Di 
fac 
etl 
tio 
wi 
rel 
eal 
by 


de 
sa 
en 
fu 
fr 
ov 
ul 
th 
of 


al 











ugh 
ons. 
\eas- 
was 
| on 
ter- 
» 0.7 


solu- 
ites. 
ngly 
isid- 


ASS 
AB. 


1ate- 
nner 
ami- 

the 
posi- 

un- 
; of 
such 
ms, 

for 
tests 
peci- 
ree- 


ance 
the 
te 
luct- 
ffer- 
and 










they have tentatively arrived at the 
conclusion that the relative solubility 
can be determined by the amount of 
dye absorbed on the surface of “flint” 
green and blue glass bottles after treai- 
ment with neutral or acid solutions. 
Amber glasses do not react. 

The method is, briefly, as follows: 
Wash the bottles, on the inside, with 
soap and water, then with 1-percent 
acetic acid, and finally three times 
with distilled water. Fill the bottle 
with 0.05 molar potassium acid phthal- 
ate adjusted to pH 6 with sodium hy- 
droxide, digest at 80° C for 24 hours, 
remove the solution, and wash the bot- 
tle with distilled water. Fill the bot- 
tle with 0.06-percent aqueous solution 
of victoria blue (C.I. 729), let stand 
for 30 minutes, remove the dye solu- 
tion, and rinse with hot distilled water. 
Dissolve the dye absorbed by the sur- 
face of the glass with cold 95-percent 
ethanol and determine the concentra- 
tion of the dye in the ethanol solution 
with a reliable color comparator. The 
relative solubility of the glass is indi- 
cated by the amount of dye absorbed 
by bottles of similar size and shape. 

The reliability of this method was 
demonstrated by testing bottles of the 
same shape and size made from differ- 
ent kinds of glass. The bottles were 
furnished by manufacturers who knew 
from practical experience and their 
own laboratory tests the relative sol- 
ubility of the glasses. In every case, 
the dye test indicated the same order 
of relative solubility as reported by the 
manufacturers. When bottles of dif- 
ferent shape or size are tested, results 
can be compared only on a unit area 
basis—a fact too frequently overlooked 
when a test for solubility is described 
without reference to the volume and 
area of the bottle. 



















































































































































































EFFECTS OF THE RATE OF HEAT- 
ING ON THE GLASS PHASE 
AND PHYSICAL PROPERTIES 
OF WHITEWARE BODIES 












































During the heating process employed 
in the manufacture of whiteware, glass 
is formed by the fusion and solution 
of the raw materials, clay, feldspar, 
and flint. Unlike common glass, the 
glassy portion of whiteware bodies is 
very heterogeneous in character, being 
made up of minute particles of differ- 
ent kinds of glasses. The amount of 
glass formed in a given body depends 
on the amount of heat treatment in 
the kiln. Many efforts have been made 
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to shorten the duration of this treat- 
ment in order to save fuel and to in- 


crease production. 


Results of experiments on this sub- 


ject were reported by G. R. Shelton 


and W. W. Meyer in the November 
issue of the Journal of the American 
Ceramic Society. Heat treatments 
were calculated by the formula derived 
by Meyer, the amount of heat treat- 
ment being represented by As in the 


equation. 


It was found that variations in heat 
treatment affected the microstructure 
of the bodies studied more than they 
affected any of the physical properties 
as determined. Of the latter, bulk spe- 
cific gravity could be determined most 
precisely and was, therefore, the most 
useful in correlations. 

With As constant, more rapid heat- 
ing rates promoted: (a) The formation 


of an apparently less viscous reaction 
glass 


which tended to improve the 
physical properties, and (b) a greater 
number of sealed pores and blebs hav- 
ing the opposite effect. At a heating 
rate of over 90° C per hour, the pre- 
dominance of (a) must have been re- 
placed by that of (b). 

Maintaining the final temperature 
constant for 1 hour tended to eliminate 
any injurious effects on the glass phase 
and physical properties resulting from 
fast heating, even when the rate was 
180° C per hour. Maintaining the 
final temperature constant for less 
than 1 hour was insufficient, while 
more than 1 hour resulted in little 
improvement. 

Changes in microstructure and phys- 
ical properties of vitreous bodies ac- 
companying changes in Az were more 
pronounced both above and below the 
vitrification range than within it. 

Increased fineness of feldspar or clay 
resulted in the formation of larger 
amounts of reaction glass, fewer closed 
pores, and better physical properties, 
which indicated that faster heating 
rates could be used. With finer raw 
materials, a wider vitrification range 
was also indicated. 

The improvement of body properties, 
shown by the laboratory tests, with 
faster heating rates and consequent 
formation of an apparently less viscous 
reaction glass, indicated the desirabil- 
ity of using both finer materials and 
faster heating rates. 

Strict adherence to heating sched- 
ules Was unnecessary, if proper correc- 
tions to maintain a _ predetermined 
value of Az were made before the end 
of the heat treatment. 
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FINE CRYSTAL STRUCTURE OF 
CHINAWARE 


The particle sizes of clays and other 
minerals used in the manufacture of 
ceramic whiteware are so minute, and 
the progress of reactions often arrested 
at such early stages, that the resultant 
crystal growths may be beyond the re- 
solving power of ordinary microscopes. 
Recently the petrographic observations 
have been supplemented with X-ray ex- 
aminations, and the following notes are 
based on preliminary studies by E. N. 
Bunting. 

The X-ray pattern for 10 domestic 
vitrified china bodies and 1 semivitrified 
body contained lines for quartz only. 
The mullite developed at the glaze-body 
interface was easily discernible for a 
specimen glazed at approximately 
1,210° C in a periodic kiln, only fair in 
a specimen glazed at about 1,165° C in 
a tunnel kiln, and intermediate in a 
piece from a tunnel kiln operating at a 
maximum temperature of 1,190° C. A 
domestic talecose body gave a pattern 
for enstatite only, and the microscopic 
examination showed no mullite develop- 
ment at the glaze-body contact. 

The patterns for two English vitrified 
plates also showed lines for quartz, but 
a Bavarian porcelain gave a distinct 
pattern for mullite. Petrographie ex- 
amination indicated the body to contain 
‘about 10 percent of well-developed mul- 
lite and 1 or 2 percent of quartz grains 
with deep solution rims. 

Probably the most interesting devel- 
opment of this work was the obtaining 
of X-ray lines for caleium pyrophos- 
phate (Ca.P.0;) from specimens of 
Swedish bone china, and the fact that 
these crystals could not be detected 
with the microscope. It is believed that 
the form in which the phosphate is pres- 
ent in bone china had not previously 
been established. 


PERMEABILITY OF NEOPRENE 
TO GASES 


Because of its high degree of elastic 
extensibility, rubber has long been em- 
ployed as the gas-retaining film in the 
construction of a wide variety of in- 
flated objects. However, its compara- 
tively high permeability limits its use- 
fulness for many purposes, particularly 
in gas-containing structures in lighter- 
than-air craft. Neoprene is one of a 
group of modern synthetic integuments 
which is characterized by rubberlike 
elasticity. It differs from rubber in its 
superior resistance to swelling in oils 
and gasoline. A less generally known 


quality is its lower rate of permeation 
by gases. In view of the possible ex- 
tensive use of this material in the con- 
struction of aeronautical fabrics, an 
investigation of its permeability was 
conducted at the Bureau for the Bureau 
of Aeronautics, United States Navy De- 
partment. The facts obtained are pre- 
sented in a paper (RP1166) by Theron 
P. Sager and Max Sucher, in the Jan- 
uary number of the Journal of Re- 
search. 

The permeability of Neoprene at 25° 
C (77° F) is shown to be about one- 
fifth to one-sixth that of rubber for 
films of equal thickness, and about one- 
third to one-fourth for those of equal 
weight, the difference being due to the 
higher specific gravity of Neoprene as 
compared with rubber. The relative 
permeabilities of helium and carbon di- 
oxide to that of hydrogen as unity are 
approximately the same as those of 
rubber. The increase in permeability 
with temperature is shown to be ex- 
ponential, 

The presence of cloth in Neoprene- 
coated fabrics was found to contribute 
to the impedance to gases to the same 
extent as with rubberized fabrics. The 
presence of moderate amounts of the 
usual compounding ingredients does not 
appreciably affect the rate of permea- 
tion. Although no advantage was 
gained from including paraffin wax in 
the coating composition, its employment 
as a supplementary coating on the fab- 
ric was shown to lower the permeability 
decidedly. Coatings spread with ce- 
ments containing highly volatile sol- 
vents tend to have pinholes. Toluol, or 
its equivalent, appears to be the most 
satisfactory solvent. 


X-RAY DIFFRACTION PATTERNS 
OF CRYSTALLINE SOL RUBBER 
PREPARED FROM ETHEREAL 
SOLUTION: 


In the course of earlier X-ray studies 
of rubber, carried on jointly by the 
Bureau and the University of Illinois, 
a pattern of discrete gel rubber crystals 
was obtained and measured. All at- 
tempts to get a satisfactory pattern 
with sol crystals were unsuccessful, and 
the reason for repeated failures was not 
understood. Evidence obtained with a 
polarizing microscope indicates that 
this material has a definite crystal 
structure and, therefore, should pro- 
duce an X-ray pattern. As explained 
in RP1170 by George L. Clark, Sieg- 
fried T. Gross, and W. Harold Smith in 
the January Journal of Research, such 
a pattern has recently been obtained by 
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a modified technic and confirms the evi- 
dence furnished by polarized light. 
The measurements of the pattern agree 
with those of gel rubber crystals, of 
“frozen” sol, gel, and total rubbers, and 
of stretched gel rubber. 


SECOND SPECTRUM OF XENON 


In addition to its well-known abund- 
ant constituents, the atmosphere con- 
tains five chemically inactive elements 
known as the noble gases. These are 
helium, neon, argon, krypton, and 
xenon. In the periodic chart of the 
elements, they occupy the seventh 
column in the order given. Xenon is 
the heaviest and rarest of the group, 
having a concentration of only 0.000009 
percent of the atmosphere. Each of 
these gases emits a characteristic spec- 
trum when contained in a Geissler tube 
at low pressure and made luminous by 
the passage of a high-voltage current 
from the secondary of a transformer. 
The spectra obtained with this simple 
circuit are characterized by a moderate 
abundance of lines generally appearing 
in close groups, such as the familiar 
red group in neon. These lines are 
very sharp and their wave lengths can 
be measured with extreme precision. 
They have been found useful as spec- 
troscopiec standards of wave length and 
in the calibration of gages. If the cir- 
cuit is made disruptive by introducing 
condensers and a spark gap, the dis- 
charge changes markedly in appear- 
ance, becoming much more brilliant 
and changing in color. Examination 
by a spectroscope shows an almost en- 
tirely different spectrum with a much 
greater population of lines. The ex- 
istence of these two entirely different 
types of xenon spectra was mentioned 
in the announcement of the discovery 
of the gas by Ramsey and Travers in 
1898. We know now that spectra of 
the first-mentioned type originate in 
atoms of their respective elements, 
whereas spectra accompanying disrup- 
tive condensed discharges are due to 
ions resulting from the removal of one 
or more of the electrons which make 
up the outer structure of the atoms. 

The various spectra of the rare at- 
mospheric gases have been the sub- 
ject of numerous investigations at the 
Bureau. In 1928, C. J, Humphreys be- 
came associated with the work, collab- 
orating in a series of investigations 
with Wm. F. Meggers and T. L. 
deBruin. The spectra characteristic of 
rare-gas ions are mainly of theoretical 
interest, most of the lines being insuf- 
ficiently sharp to be considered as part 


of the system of standard wave lengths. 
It is desirable, however, that such spec- 
tra be analyzed as far as possible; in 
other words, that as many of the lines 
be classified as transitions between 
known energy levels as a reasonable 
expenditure of time and labor will per- 
mit and that a satisfactory interpre- 
tation of these levels be reached. Con- 
cepts now prevalent of the structure 
of atoms are based for the most part on 
the information obtained from such 
analyses, and it is important that the 
evidence either for or against such con- 
cepts be made as complete as possible 
by investigating all spectra subject to 
experimental study. The spectra of 
noble-gas ions also have properties pe- 
culiar to them as a class which make 
such studies of special importance. 
Thus, RP1164 in the January Journal 
of Research is concerned entirely with 
the second spectrum of xenon (Xe1) 
characteristic of once ionized xenon 
atoms (Xe*). The spectra of neutral 
xenon (Xe1r) and doubly ionized xenon 
(Xen) have previously been reported, 
as have also the spectra of neutral, 
singly ionized, and doubly ionized kryp- 
ton (Kr1, Kru, and Kriir). Observa- 
tions extending from 2,200 A in the 
ultraviolet to 10,200 A in the infrared 
have resulted in the compilation of a 
description of xenon spectra from con- 
densed Geissler tube discharges con- 
taining estimates of intensity and wave 
lengths of about 2,600 lines. From 
these, the lines belonging to Xe only 
were Selected for publication in this 
paper. Such lines can be distinguished 
by the fact that they are relatively 
unaffected by inductance in the circuit ; 
whereas lines from ions formed by the 
removal of more than one electron are 
weakened in intensity. The published 
list contains 1,200 lines, of which 633 
are classified as transitions between 
103 levels. Observed levels are in- 
terpreted in accordance with the Hund 
theory of spectra as far as the evidence 
permits. Evidence from observed reg- 
ularities indicates that the conspicuous 
sharp lines have been observed with 
such precision that the wave lengths 
are consistent to 0.01 A or less, or about 
1 part in 500,000 for the visible region. 


SPECTRAL REFLECTIVITY OF 
RHODIUM 


The spectral reflectivity of rhodium 
in the ultraviolet and in the visible 
spectrum is described in RP1168 by 
W. W. Coblentz and R. Stair in the 
Journal of Research for January. The 
samples examined consisted of mirrors 











of rhodium deposited electrolytically on 
plate glass and upon a highly polished 
surface of copper. The reflectivity of 
rhodium decreases rapidly with wave 
length, to a low value in the ultra- 
violet. In the visible spectrum the re- 
flectivity is somewhat higher than 
chromium, and hence rhodium is more 
efficient as a reflecting surface. 


SAFETY CODE FOR THE PROTEC- 
TION OF HEADS, EYES, AND 
RESPIRATORY ORGANS 


For several years there has been 
under way a revision of Handbook H2 
of the Bureau containing the National 
Safety Code for the Protection of the 
Heads and Eyes of Industrial Workers. 
In preparing a new edition, the scope 
of this code has been extended to in- 
clude protection of the respiratory 
tract from the inhalation of gases, 
fumes, and dusts which might produce 
injury. The best-known example of 
such injury is silicosis, a disease of the 
lungs which results from the inhalation 
of dust containing silica. 

The new edition of this code has 
appeared in Handbook H24 under the 
title “American Standard Safety Code 
for the Protection of Heads, Eyes, and 
Respiratory Organs.” The revision was 
earried out by a sectional committee 
of 40 members representing the various 
points of view held by regulatory au- 
thorities, employers, employees, manu- 
facturers of safety equipment, insur- 
ance organizations, and experts on this 
subject. 

The code gives specifications for gog- 
gles, respirators, welding helmets, pro- 
tective hats, and similar examples of 
safety equipment for protecting the 
eyes, heads, and lungs. Eleven differ- 
ent types of protection are given con- 
sideration and the necessary properties 
for the protective device in each case 
are set forth. Specific tests to deter- 
mine the suitability of different types 
of protectors are included. The code 
occupies 43 pages of the text and is 
followed by a discussion of the rules 
occupying 48 pages. This is followed 
by an index. The discussion of the 
rules shows the necessity for provid- 
ing protective equipment for exposed 
workers, explains the reasons for cer- 
tain of ‘ue rules, and is intended to 
assist ‘n the interpretation and appli- 
cation of the code. 

Copies of Handbook H24 can be se- 
cured from the Superintendent of 
Documents, Government Printing Of- 
fice, Washington, D. C., for 15 cents per 
eopy. The code has the approval of 
the American Standards Association. 
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SAFETY RULES FOR THE OPERA- 
TION OF ELECTRIC EQUIP- 
MENT AND LINES 


The National Electrical Safety Code 
is now undergoing revision, and the 
changes in part 4 have already been 
made. This part is entitled ‘Safety 
Rules for the Operation of Electric 
Equipment and Lines,” and a revised 
text has been issued by the Bureau 
as Handbook H34, copies of which can 
be secured from the Superintendent of 
Documents, Government Printing Of- 
fice, for 10 cents each. 

This handbook contains rules for 
both employers and employees who 
have the handling of overhead and 
underground supply and communica- 
tion lines and the power stations from 
which the supply lines receive their 
energy. There are six sections in this 
part of the code; three deal with sup- 
ply systems, two with communication 
systems, and one is of a general na- 
ture. Rules to be followed by em- 
ployers and those to be followed by em- 
ployees are segregated so as to bring 
out the separate responsibilities of 
each. 

This publication is a revision of the 
material previously issued in Hand- 
book HS and originally published as 
Circular C49 of the Bureau. The re- 
vision was carried out with the cooper- 
ation of a committee of national scope, 
functioning under the rules of pro- 
cedure of the American Standards 
Association. 


ANNUAL MEETINGS OF AMERI- 
CAN PHYSICAL SOCIETY AND 
AMERICAN ASSOCIATION OF 
PHYSICS TEACHERS 


The annual meeting of the American 
Physical Society was held at the Bu- 
reau on December 27 to 29, inclusive. 
The American Association of Physics 
Teachers likewise held their annual 
meeting in Washington on December 28 
to 30, thus giving members of each so- 
ciety the opportunity of participating 
in what was virtually a joint session. 

At the meeting of the Physical Soci- 
ety the following papers were presented 
by members of the Bureau’s staff: The 
distribution of ozone in the stratosphere, 
by W. W. Coblentz and R. Stair; Nega- 
tive power factors in air capacitors, by 
Allen V. Astin; An explanation of the 
negative power factors in air capaci- 
tors, by Harvey L. Curtis and Allen V. 
Astin; Quiet boiling, by N. Ernest Dor- 
sey; and Cosmic-ray measurements in 
the stratosphere by Geiger-Miiller 
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counters in an integrating circuit, by 
L. F. Curtiss, Allen V. Astin, L. L. Stock- 
man, and B. W. Brown. 

Lyman J. Briggs, as retiring presi- 
dent of the American Physical Society, 
delivered the presidential address, en- 
titled “The National Standards of Meas- 
urement.” His address was followed by 
a tour of the laboratories, in which the 
national standards of weight and meas- 
ure, temperature, light, electricity, ra- 
dium, and X-rays were exhibited. 

A special feature of the meeting of the 
Physics Teachers was an address by 
P. W. Bridgman, of Harvard, on “So- 
ciety and the Intelligent Physicist,” de- 
livered in the theater of the Wardman 
Park Hotel on the evening of December 
29. Members of both societies were in 
attendance. 


NEW AND REVISED PUBLICA- 
TIONS ISSUED DURING DECEM- 
BER 1938 


Journal of Research? 


Journal of Research of the National 
Bureau of Standards, volume 21, num- 
ber 6, December 1988 (RP1151 to 
RP1162, inclusive). Price 30 cents. 
Annual subscription, 12 issues, $3.50. 


Research Papers? 


{Reprints from the September 1938 Journal 
of Research) 


RP1130. Strength of a riveted steel rigid 
frame having straight flanges. Am- 
brose H. Stang, Martin Greenspan, 
and William R. Osgood. Price 15 
cents. 

RP1131. Phase equilibria studies on 
mixtures of the compounds 4Ca0O.Al. 
O;3.Fe.03-2CaO. Fe:03-K20.A10s. WwW i l - 
liam C. Taylor. Price 5 cents. 

RP1132. Quantitative formation of fur- 
fural from xylose. Elizabeth E. 
Hughes and S. F. Acree. Price 5 
cents. 

RP1133. Surface tension of vitreous 
enamel frits at and near firing tem- 
peratures. William N. Harrison and 
Dwight G. Moore. Price 10 cents. 


2Send orders for publications under this 
heading only to the Superintendent of Docu- 
ments, Government Printing Office, Wash- 
ington, D. C. Subscription to Technical 
News Bulletin, 50 cents per year; Journal 
of Research, $3.50 per year (United States 
and its possessions, and Canada, Colombia, 
Cuba, Dominican Republic, Ecuador, Guate- 
mala, Honduras, Mexico, Newfoundland (in- 
cluding Labrador), Panama, and Venezuela) ; 
= countries, 70 cents and $4.50, respec- 
tively. 


RP1134. Stability of the viscose type of 
Ozaphane photographic film. Arnold 
M. Sookne and Charles G. Weber. 
Price 5 cents. 

RP1135. Relation of compositions and 
heats of solution of portland cement 
clinker. Herbert Insley, Einar P. 
Flint, Edwin S. Newman, and J. Ar- 
thur Swenson. Price 10 cents. 

RP1136. Production of accurate one- 
second time intervals. William D. 
George. Price 10 cents. 


Building Materials and Structures? 


[Persons who wish to be notified of new 
publications in the “Building Materials and 
Structures” series as soon as they are avail- 
able should write to the Superintendent of 
Documents, Government Printing Office, 
Washington, D. C., asking that their names 
be placed on the special mailing list main- 
tained by him for this purpose.] 

During the past month the following 
publications in this series have been 
issued : 


BMS7. Water permeability of masonry 
walls. Cyrus C. Fishburn, David 
Watstein, and Douglas E. Parsons. 
Price 10 cents. 

BMS9. Structural properties of the In- 
sulated Steel Construction Co.’s 
“frameless-steel” constructions for 
walls, partitions, floors, and roofs. 
Herbert L. Whittemore, Ambrose H. 
Stang, and Vincent B. Phelan. Price 
10 cents. 

Handbooks? 


H24. American Standard safety code 
for the protection of heads, eyes, and 
respiratory organs. Price 15 cents. 
(Supersedes H2.) 

H34. Safety rules for the operation of 
electric equipment and lines. (Com- 
prising Part 4 of the fifth edition of 
the National Electrical Safety Code.) 
Price 10 cents. (Supersedes H8.) 

Commercial Standard? 

CS31-38. Wood shingles (Red cedar, 
Tidewater red cypress, California 
redwood). Price 5 cents. (Super- 
sedes CS31-35. ) 

Technical News Bulletin? 


Technical News Bulletin 260, December 
1988. Price 5 eents. Annual sub- 
scription, 50 cents. 


MIMEOGRAPHED MATERIAL 


Letter Circulars 


{Letter Circulars are prepared to answer 
specific inquiries addressed to the National 
Bureau of Standards and are sent only on 
request to persons having definite need for 
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the information. The Bureau cannot under- 
take to supply lists or complete sets of Let- 
ter Circulars or send copies automatically 
28 issued. ] 
WL0537. Report on railway track scale 
testing service of the National Bu- 
- reau of Standards—fiscal year 1938. 
LC538. Transparent wrapping mate- 
6 rials. (Supersedes LC455.) 


RECENT BUREAU ARTICLES AP- 
PEARING IN OUTSIDE PUBLI- 
CATIONS * 


Nondestructive testing in the United 
States of America. H. H. Lester, 
lt. L. Sanford, and N. L. Mochel. 
ASTM Bulletin (260 South Broad St., 
Philadelphia, Pa.) No. 95, p. 5 (De- 
cember 1938). 

Maximum usable frequencies for radio 
sky-wave transmission 1983-1937. 
T. R. Gilliland, S. S. Kirby, Newbern 
Smith, and S. E. Reymer. Proce. Inst. 
Radio Engineers (33 West 39th St., 
New York, N. Y.) 26, 1347 (November 
1938). 

Departures from additivity among 
Lovibond red glasses in combination 
with Lovibond 35 yellow. Geraldine 
Walker Haupt. Oil and Soap (330 
South Wells St., Chicago, Ill.) 15, 
282 (November 1938). 

Color names for use in plant science 
publications. Kenneth L. Kelly. 
Chronica Botanica (P. O. Box 8, 
Leyden, Holland) 4, 432 (1988). 


%These publications are not obtainable 
from the Government. Requests should be 
sent direct to the publishers. 


Physikalische methoden in der lichtdo 
simetrie. W. W. Coblentz. Radio- 
logica (Walter de Gruyter & Co, 
Berlin, Germany) 3, 219 (1938). 

Chemical constitution of the extract 
portion of the lubricant fraction from 
a midcontinent petroleum. Bever- 
idge J. Mair, Charles B. Willingham, 
and Anton J. Streiff. Ind. Eng. 
Chem. (Mills Bldg., Washington, 
D. C.) 30, 1256 (1938). 

Hydrocarbons in the lubricant fraction 
of petroleum. Frederick D. Rossini. 
Oil and Gas J. (Tulsa, Okla.) 37, No. 
27, 141 (1938); Refiner and Natural 
Gasoline Mfr. (Gulf Publishing Co., 
3301 Buffalo Drive, Houston, Tex.) 
17, No. 11, 557 (1988). 

Notes on attaching a membrane to a 
water-vapor-permeability cell. F. T. 
Carson. Paper Trade J. (10 East 
39th St., New York, N. Y.) 107, 59 
(Nov. 3, 1938). 

Accelerated aging of leather in the 
oxygen bomb. J. R. Kanagy. J. Am. 
Leather Chemists Assn. (Ridgway, 
Pa.) 33, 565 (November 1938). 

Silver for plant use. A. J. Dornblatt. 
Chem. Met. Eng. (330 West 42nd St., 
New York, N. Y.) 45, 601 (November 
1938). 

Nature of the glass phase in heated 
clay materials. II. Effects of rate of 
heating on the glass phase and physi- 
cal properties of whiteware bodies. 
George R. Shelton and William W. 
Meyer. J. Am. Ceramic Soc. (2525 
North High St., Columbus, Ohio) 21, 
371 (November 1938). 
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